We have developed a numerical technique that will adjust 3-D S-wave seismic images so that they are depth equivalent to 3-D P-wave seismic images. The ability to make this type of P-SV to P-P depth registration is critical to our elastic wavefield seismic stratigraphy research because we now have higher confidence that depth-equivalent data windows are being used in the P-SV to P-P comparisons that we are making.
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Table of Contents Introduction
One of the greatest challenges in doing a correct elastic wavefield seismic stratigraphy analysis is that it is difficult to know that depth-equivalent seismic sequences and facies are being compared in P-P image space and P-SV image space. If an interpretation is done across a large vertical interval, the issue of defining the depth-equivalent boundaries of that interval in P-P and P-SV data is not so important. However, it is essential to define depth-equivalent P-P and P-SV data windows when a seismic stratigraphy analysis has to be done across a thin reservoir interval, which will be the application of this science that will be of greatest interest to explorationists. We show here a method that adds mathematical rigor to the problem of defining depth-equivalent data windows imaged by different modes of an elastic wavefield.
Executive Summary
One objective of our research has been to develop a methodology by which depthequivalent P-P and P-SV data windows can be defined and used for sequence and facies analyses. We first addressed this objective by developing a technique that worked for a single pair of synthetic P-P and P-SV seismic traces. After a few months of testing, we expanded that algorithm so that we could analyze 2-D P-P and P-SV profiles. In this last project period, we have advanced the methodology so that it works with 3-D multicomponent seismic data. With each application of the algorithm to real data, we have added better analysis methods and convergence steps and are now rather comfortable that we have a unique and valuable tool for assisting elastic wavefield seismic stratigraphy research.
Experimental
Experimental activity during this quarter consisted of developing and testing code that adjusts 3-D P-SV data to be depth equivalent to 3-D P-P data via a least-mean-squares optimization technique.
Results and Discussion
The mathematics of the depth-equalization algorithm that has been developed will not be described in this report. The methodology has been presented to, and accepted by, professional peers and can be reviewed in the paper published by Fomel and others (2003) . We document in this report only one example that illustrates the accuracy and quality of the depth registration achieved in interpreting a 3C3D data volume. This example is illustrated as Figure 1 . Figure 1 . Examples of P-P and P-SV images before and after depth registration
The method requires that an interpreter first define a small number of depth-equivalent geological features (at least two or three) in both P-P and P-SV image space. Once these few control points are defined, they are used to do a first-order time warping to convert P-SV image time to P-P image time. This initial depth conversion is usually satisfactory for general comparisons of P-P and P-SV seismic sequences and facies, but it is not sufficient for detailed P-P and P-SV stratigraphic analysis of thin reservoir targets.
The data shown in the left panel of Figure 1 are P-P and P-SV data from one profile through a 3C3D data volume after the P-SV data have been time warped to P-P imagetime coordinates by one such first-order adjustment function. These adjusted data represent the type of P-SV to P-P depth registration that is commonly practiced across the industry. In this display, the P-P and P-SV data traces are interleaved to better illustrate the mismatch between the two images when a typical first-order time-warping correction is done. The data in the right panel are the same profile taken from the 3-D P-P and P-SV volumes after the volumes have been further depth registered according to our numerical procedure that uses a loosely constrained least-squares-optimization algorithm to adjust the images to an optimal match. There is now a better consistency between the interleaved traces, and we can calculate detailed seismic facies attributes in data windows that are quite thin, confident that the P-P and P-SV data span the same depth interval.
